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Energetic Materials Formulations Advances 

Gregg K. Sullivan 
Los Alamos National Laboratory 

Croup DX-2, M / S  C920, Los Alamos, NM 87545 

The agglomeration process for producing plastic bonded explosives has been used for 
many years. However, until recently it has not been studied in detail to understand the 
mechanisms involved and to quantitatively determine the effects of the various control 
variables. A recent study of the slurry process to produce PBX-9501 used a small-scale 
(1-gallon) slurry reactor to quantify the effects on agglomeration by changing solvent 
removal rate, agitation speed, temperature, and sweep rate. The effects were determined 
quantitatively for the PBX-9501 process and are in good agreement with operational 
experience on larger reactor vessels. The study resulted in purely empirical functions, 
but future studies are planned to produce a theoretically-based agglomeration model, 

Now an image analysis tool is being developed to measure particle size distributions 
(PSDs). The image analysis system will be used to measure PSDs during the slurry 
process as well as finished, dried molding powders. The PSDs of PBX 9501 library lots 
are currently being measured and plans are underway to see if empirical correlations exist 
between the PSD meamrements and other measured properties of these library lots. 
Some preliminary results are presented. 

Additional information on the current status of the TA-9 forrhlations buildings (under 
construction) and the planned formulation activities will be presented 
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Current PBX Formulation 
Ca pa bi I i ties 
w Limited to lab scale (1 Ib. Max) 

w Recent Formulations Include PBX 9407, PBX 
9501, & PBX 9502 
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Current PETN Recrystallization 
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Image Analysis Discussion: 

. Use Area based (VVaddel 1 Diameter [D,I) 

(D ers 

Circularity also calculated: 
. 4*n*Area/Peri meter2 
. Examples: 

k Square, Q, = 0.785 
Rectangle with L/W = 10, Q>= 0.260 
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Image Analysis Discussion: 

E ust for pa icie size 

CONS 
H Particle separation limited 

Image processing is slow 
E Error and bias (discussed below) 
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Image Analysis Discussion: 
Dry Measurement Error and Bias 

Biased by gravity and particle shape 
Affected by sampling technique 
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Image Analysis Discussion: 
Slurry Measurement Error and Bias 

Fluid motion and pancaking bias 
measurement 
Particle concentration produces error 
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PBX 9501 Library Lot Prill Size 
I 

e Y 
Technology 
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PBX 9501 Library Lot Prill Size 
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statistica I iy test 
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run correlation analys 
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PBX 9501 Library Lot Prill Size 
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PBX 9501 Library Lot Prill Size 
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PBX 9501 Library Lot Prill Size 
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PBX 9501 Library Lot Prill Size 
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Slurry Image System and Process 
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= Pressure (kPa) 

0 PSD 
. Solvent Mass (9) Removal Rate (g/time) 

Dependent Variables 

. Continuous Phase Solvent Level (mass fraction) 
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Slurry Measurement Preliminary 
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Slurry Measurement Preliminary 
esults: r 

Regression PI 
Y = I.02144 c 4.54E-03X 

R-Sq = 66.5 % 
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Slurrv ment Preli 
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Slurry M asurernent Preliminar 
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Slurry Experimental Test Matrix 

Each experimental point is repeated 3 

Experiments are randomly ordered 
times 

DX-2 UNCLASSIFIED LANL 



DX-2 UNCLASSIFIED LANL 



ir UT 

DX-2 UNCLASSIFIED LANL 



= Shut in system and look for gro h rate with constant solvent level 
I! Start with dry molding powder, add solvent in increments, and measure 

reakup rate. 

a Represents a total of six ad Itisaaf points 
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